The genetic variability among 10 accessions of cowpea, Vigna unguiculata (L.) Walp was studied by the use of 13 qualitative and 13 quantitative traits. From the results on qualitative traits, dendrogram grouped the 10 accessions into two major clusters, 1 and 2.Cluster 1 had 3 accessions and cluster 2 had 2 sub-clusters (I and II), having 2 accessions in sub-cluster I and 5 accessions in sub-cluster II. The dendrogram revealed two major clusters, 1 and 2, for quantitative data, for the 10 accessions. At distance of 4 and 6, cluster 1 had two sub-clusters (I and II), with sub-cluster I having 5 accessions, sub-cluster II having 4 accessions while cluster 2 had only 1 accession. This study made the observation that identification of the right agro-morphological traits of high discriminating capacity is essential, before embarking on any genetic diversity; as it was revealed that some traits discriminated more efficiently among the accessions than others. A group of accessions, which are NGSA1, NGSA2, NGSA3, NGSA4, NGSA7, NGSA9 and NGSA10, was identified as being different from the others for number of seeds per pod, pod length, plant height, peduncle length, seed weight and number of pods per plant. These accessions may be good for cowpea improvement programs.
Introduction
Cowpea (Vigna unguiculata (L.) Walp) is an important crop adapted to the tropical and sub tropical regions of the world, where it serves as a source of protein for both urban and rural populations (Fawole et al. 2006 , Uarrotta 2010 . It is one of the most widely cultivated and utilized grain legumes in Nigeria regarded as being affordable, with protein content of about 29% coupled with its potential to fix atmospheric nitrogen for soil improvement (Steele 1972 , Adetiloye et al. 2013 . International Institute of Tropical Agriculture (IITA) Gene Bank holds about 15,115 accessions of cowpea as a result of its mandate for cowpea improvement. In collaboration with regional and national research programs, IITA has developed many improved varieties expressing combination of traits such as disease and insect resistance, early maturity, desired seed types, many of which have been distributed in over 65 countries (Fatokun 2002 ). Yet, production of the crop is hindered by low grain yields, grain quality and susceptibility to diseases and pests, and lack of improved cultivars (Magloire 2005) . The genetic improvement of the crop is limited due to inadequate knowledge of the genetic diversity of the existing germplasm. Breeding program for cowpea improvement has been a difficult task as a result of the crop being required on varietal basis in terms of many characters, which are region specific even though it is a single crop species (Magloire 2005) .
Before any crop improvement program could be taken up, in any crop species, a thorough knowledge concerning the amount of genetic variability existing in that particular crop for various characters is important. Information on nature and magnitude of variability in the existing plant material and association among the various characters is a pre-requisite for yield improvement (Vijayan 2005) . Therefore, for successful plant breeding program, germplasm collection and diversity records are highly desirable (Magloire 2005 , Knotova et al. 2010 .
Morphological attributes have been extensively used to establish phylogenetic relationships between and within species and also for studying variability and correlated characters in cowpea. However, morphological traits are influenced by environmental factors, which may result in varying relationship patterns (Smith & Smith 1989 , Selvi et al. 2003 , nevertheless they are still effective for selection (Magloire 2005) . Quantitative and qualitative traits have been used by many researchers for different purposes in cowpea and related crops (Pasquet 1993 , Obute 2001 .
The role of cluster analysis as a tool for classifying varieties with similar attributes cannot be over emphasized as it has now become popular among researchers (Sabater 2004 , Vural & Karasu 2007 . The objective of this study was to classify 10 accessions of cowpea into groups based on their qualitative and quantitative traits.
Materials and Methods
Ten indigenous accessions of cowpea used for this study were provided by the National Centre for Genetic Resources and Biotechnology (NACGRAB), Ibadan. These are part of collections maintained at NACGRAB, which are of Nigerian origin and locally grown by farmers. The accessions are NG/SA/DEC/07/0309, NG/SA/07/1057, NGB/06/0055, NG/SA/07/0113, NG/SA/07/1066-1, NG/SA/07/0098, NG/AO/11/08/012, NG/SA/07/0063, NGB/06/0057 and NG/AO/11/08/0083; and coded for easy statistical analysis as NGSA1, NGSA2, NGSA3, NGSA4, NGSA5, NGSA6, NGSA7, NGSA8, NGSA9 and NGSA10 respectively. Table  2 and Table 3 , respectively. These 10 accessions were evaluated on a field laid out in a Randomized Complete Block Design with three replications. Each replicate consisted of 10 accessions, each of which was regarded as a treatment, and each treatment consisted of 20 plants, making the total number of plants on the field equal 600. Distance between rows and plants along a row were 50 cm and 30 cm respectively, with the planting depth being approximately 2.5 cm. Weeding was done when required. A total of 10 plants were selected at random per treatment per replicate for data collection. Thirteen qualitative and thirteen quantitative traits were measured using the International Board for Plant Genetic Resources (IBPGR) cowpea descriptors. The qualitative traits are as shown in Table 1 . The quantitative traits measured: 100-seed weight (g), terminal leaflet length (cm), terminal leaflet width (cm), number of main branches, number of nodes on main stem, number of pods per peduncle, peduncle length (cm), number of pods per plant, pod length (cm), plant height (cm), pod weight (g), number of seeds per pod, and number of leaves per plant.
The data were subjected to cluster analysis using SPSS Window version (SPSS, Inc., Chicago IL).
Results and Discussion
For the 13 qualitative traits, 7 out of the 10 accessions had determinate growth pattern, while the remaining three were indeterminate. There were wide variations among the accessions for plant pigmentation; five (5) accessions were slightly pigmented, two (2) moderately pigmented, while the remaining three (3) were intermediate. Two (2) accessions had sub-globose terminal leaflet shape while the rest had sub-hastate. Three (3) accessions had straight pods while the rest had slight curved pods. Testa texture was smooth to rough for eight (8) accessions, while the rest had smooth testa. Leaf colour was intermediate for 6 accessions while the rest had dark green colour. All accessions were the same for flower colour, splitting of testa and plant hairiness. All accessions had only one variant for traits like immature pod pigmentation, seed shape and twinning tendency (Table 4) . Highest level of variations for the quantitative traits was recorded for peduncle length (cm), 100-seed weight (g), terminal leaflet width (cm), plant height (cm) and pod weight (g) ( Table 5) .
Dendrogram grouped the 10 accessions into two major clusters; 1 and 2, with result on qualitative traits, with cluster 1 having three (3) accessions and cluster 2, with 2 sub-clusters (I and II), having two (2) accessions in sub-cluster I and five (5) accessions in sub-cluster II (Figure 1 ). The dendrogram constructed based on the data from quantitative traits revealed two major clusters (1 and 2) for the 10 accessions. At distance of 4 and 6, cluster 1 had two sub-clusters (I and II), with sub-cluster I having five (5) accessions, sub-cluster II having four (4) accessions while cluster 2 had only one (1) accession (Figure 2) . The five accessions of sub-cluster I had the lowest heights with average seed weights. Accessions NGSA6, NGSA7, NGSA8 and NGSA9 were grouped in the same cluster (all accessions with highest height), with sub-cluster containing accessions with highest seed weights and lowest peduncle lengths. However, the most different accession was NGSA10, the only accession with both the longest terminal leaflet length and peduncle length (21.56 cm). Characters like plant height, number of leaves, terminal leaflet length, peduncle length and seed weight had very high level of contribution to the total variability observed among the accessions, making these characters important for discriminating among accessions of cowpea. Moreover, for any breeding work to be successful in cowpea, these characters must be considered. This agrees with some of the findings of Vural & Karasu (2007) , Stoilova & Pereira (2013) on cowpea and Olanrewaju & Cyril (2012) on Corchorus olitorius. The qualitative traits also grouped NGSA7 and NGSA9 into the same sub-cluster just as they were for quantitative traits, with the same pattern being observed for NGSA4 and NGSA2 both for quantitative and qualitative traits. The level of variations showed by qualitative traits was a bit moderate, as only five traits (growth pattern, plant pigmentation, terminal leaflet shape, pod curvature and leaf colour) out of thirteen studied were able to discriminate effectively among the accessions studied, while the level of similarity for phenotypic expressions among the rest of the traits was very high. Similar results were observed by Selvi et al. (2003) .
The variability among the accessions was generally high as observed, and the improvement of this crop is possible through the conventional breeding techniques (selection and hybridization). It was also observed that the morphological traits had different discriminatory capacity, as some efficiently discriminated than others, making those better traits of choice in plant diversity programs.
This study was able to identify a group of accessions, which are NGSA1, NGSA2, NGSA3, NGSA4, NGSA7, NGSA9 and NGSA 10, which differed from others for number of seeds per pod, pod length, plant height, seed weight, peduncle length and number of pods per plant. They can be selected for better improvement. ACCESSIONS GTP TWT  PTP  TS  PTH  PDA  PDC  IPP  SS  TST  LC  SPT  FLC   NGSA1  1  5  1  3  3  5  0  0  1  3  5  0  2  NGSA2  2  3  3  3  3  5  3  0  1  1  5  0  2  NGSA3  2  5  1  2  3  5  3  0  1  3  5  0  2  NGSA4  1  5  1  3  3  5  3  0  1  1  5  0  2  NGSA5  2  5  1  3  3  5  3  0  2  3  7  0  2  NGSA6  2  5  3  3  3  5  3  1  1  3  5  0  2  NGSA7  2  5  5  3  3  3  3  0  1  3  7  0  2  NGSA8  2  5  5  3  3  5  0  0  1  3  7  0  2  NGSA9  1  5  5  3  3  5  3  0  1  3  7  0  2  NGSA10  2  5  1  2  3  5  0  0  1  3  5 
